Helichrysum umbraculigerum Less. has been reported to be a prolific producer of phytocannabinoids from the alkyl-, aralkyl-, normal-, and abnormal types. Investigation of an acetone extract from the aerial parts of the plant afforded two novel amorfrutin-type phytocannabinoids (3b, 4) and the new geranylated phloroglucinol 5a. The presence of cannabigerol (CBG, 1a) and its acidic precursor (pre-CBG, CBGA, 1b), previously reported from this plant, could not be confirmed, but the phenethyl analogue of CBG (Heli-CBG, 2a) and the methyl ester of its carboxylated version (2b) were isolated. Heli-CBG (2a) was assayed against a series of metabotropic (CB 1 and CB 2 )-and ionotropic (thermo-TRPs) targets of phytocannabinoids, comparing its profile with the one of cannabigerol (CBG). A decreased affinity for cannabinoid receptor was observed, along with substantial retention of the thermo-TRP profile. The biogenetic relationships between the isoprenylated phenolics from H. umbraculigerum are discussed, highlighting the relevance of this species for biogenetic investigations on phytocannabinoids.
Introduction
As the result of the convergence of two modular pathways (polyketides and isoprenoids), phytocannabinoids occur in a variety of chemotypes, distinct on the basis of their derivation from an aliphatic or an aromatic ketide starter (alkyl-and aralkyl phytocannabinoids, respectively) and of the degree of oligomerization of the isoprenyl residue. 1 Although traditionally associated to cannabis (Cannabis sativa L.), phytocannabinoids have actually a broader, although point-like, 3 distribution in Nature, encompassing not only higher plants, but also liverworts and fungi. 1 For this reason, and to avoid confusion with the pharmacological meaning of the name "cannabinoid"
(modulator of the cannabinoid receptors CB1 and CB2), the name phytocannabinoids has been proposed in alternative to simply "cannabinoids", that overemphasizes the relationship with C.
sativa. 1 At least in plants, a single species typically accumulates only a limited range of chemotypes. Thus, C. sativa and rhododendrons produce exclusively alkyl phytocannabinoids, 1 while aralkyl phytocannabinoids are typical of some leguminous plants from the genera Amorpha, Glycyrrhiza and Macherium. 1 Phytocannabinoids have a pleiotropic bioactivity profile, as exemplified by the metabotropic cannabinoid receptors CB 1 and CB 2 , the ionotropic thermo-TRP ion channels, and the transcription factors from the PPAR family. 2 Modulation of CBs is typical of the alkyl phytocannabinoid  9 -THC, while the one of PPARs is the hallmark of amorfrutins, a class of bibenzyls belonging to the aralkyl phytocannabinoid chemotype. 3 Surprisingly, phytocannabinoids from both the alkyl-and the aralkyl series have been reported from the SouthAfrican plant Helichrysum umbraculigerum Less. 4 Although only non-narcotic compounds were isolated, some African Helichrysum species are used for ritual inebriating fumigations, a use strongly reminiscent of the ones described by the ancient authors for cannabis, 5 and this folk use presumably underlies the trade of some South-African Helichrysum species for recreational narcotic purposes. 6 As part of our investigation on phytocannabinoids, we have phytochemically profiled an acetone extract from H. umbraculigerum, a plant reported to be the most abundant natural source of cannabigerol (1a), 4 the precursor of all members of the alkylcannabinoid family.
Results and Discussion
An acetone extract from the aerial parts (leaves and flowers) of H. umbraculigerum was decarboxylated under the classic conditions used for phytocannabinoids (heating at 120° C for two hours) 7 . Fractionation by a combination of gravity column chromatography (GCC), semi- were secured by means of the 2D COSY spectrum, and each proton had been associated to the directly bound carbon through the HSQC spectrum, we could use the 2D HMBC NMR to merge all these moieties. Thus, cross-peaks of H-7 with C-4, C-5, C-6 and C-9 confirmed the bibenzyl resorcinoid substructure, the network of cross-peaks of H-4 and H-6 allowed the carbon assignment of the tetrasubstituted phenyl ring and correlations of H 2 -1' with C-2, C-3, C-4 located the prenyl unit at C-2, while the 2-methylbutanoyl group could be located at either phenolic hydroxyls due to the symmetry of the compound. The esterified phenolic carbon experienced the expected 13 C NMR upfield shift (δ C: C-1 = 155.8, C-3 = 149.6). The acids 3c and 3d were surprisingly stable under the conditions of decarboxylation of precannabinoids. 7 Both compounds are acylated at the para-hydroxyl, and this structural feature might The phenethyl analogue of CBG (Heli-CBG, 2a) and its lower prenylogues 3a, 3b and 3c were assayed against a series of metabotropic (CB 1 and CB 2 ) and ionotropic (thermo-TRPs) targets of phytocannabinoids, comparing their profile with the one of cannabigerol (1a, CBG). 10, 11 CBG is a poor ligand of CB 1 and CB 2 ( Table 1 , Ki = 0.439 ± 0.082 M and 0.337 ± 0.034 M, respectively) 10 , and its phenethyl analogue 2a showed an even lower affinity (Ki = 3.72 ± 1.19 M and 0.828 ± 0.094 M, respectively). On the other hand, activity on thermo-TRPs was substantially retained (Table 1) , and even increased in the case of antagonism to TRPM8 (Ki = 1.38 ± 0.12 M and 3.07 ± 0.38 M, respectively). TRPM8 is of considerable interest in cancer research, since hormone-dependent prostate and breast cancer cells over express this ion channel, 12 and the biphenyl structural element of 2a could serve as a lead structure to develop compounds of therapeutic and/or diagnostic utility. 12 Substantial retention of activity against TRPV2 and TRPV3
is also interesting, since these thermoTRPs are difficult to modulate with small molecules.
Remarkably, the acylated lower prenylogue 3b, a novel compound, was even more powerful than 8 CBG and Heli-CBG on TRPV3, showing sub-micromolar affinity for this ion channel (IC 50 = 0.52 ± 0.07 M vs 1.72 ± 0.06 M for Heli-CBG). Taken together, our bioactivity data suggest that the pentyl-to phenethyl structural modification is modestly detrimental for affinity with cannabinoid receptors. Conversely, activity is retained or even increased with thermo-TRPs, Remarkably, the acylated lower prenyl homologue 3b showed sub-micromolar affinity for TRPV3. Although activation of brain TRPV3 has been associated to anti-depressant and mood-relaxing activity, 13, 14 the low concentration of 3b in H. umbraculigerum and the lack of  9 -THC or related alkyl-type cannabinoids in the sample we have investigated make unlikely that the inhalation of H.
umbraculigerum vapors could induce narcotic effects. 
Extraction and Isolation:
The powdered plant material (110 g) was extracted with acetone at room temp. to afford 10.22 g of a dark brown extract (9 %), that was dissolved in the minimal amount of MeOH at 40 °C, and then vacuum-filtered over a RP-18 silica gel (30 g) bed on a sintered glass (9 x 15 cm). Elution with methanol (300 mL) and evaporation afforded 5.1 g of a defatted greenish gum, that was fractionated by GCC on silica gel (250 g) using a petroleum ether/EtOAc gradient (from 7:3 to 3:7).
The eluates (20 mL) were pooled according to their TLC profile in three main fractions. and 5a (7.3 mg).
Fraction II and III (230 and 250 mg, respectively) contained a mixture of neutral and acidic cannabinoids, and were decarboxylated by heating at 120 °C for 2.5 h and then purified by silica gel 
Cyclodemethyldecarboxyamorfrutin A(4)
Colorless
Thermo-TRPs (TRPV1, TRPV2, TRPV3, TRPV4, TRPM8, TRPA1) Receptor Assays
HEK-293 cells stably over-expressing recombinant rat TRPA1, TRPM8, TRPV2-4, TRPM8 or human TRPV1 were selected by G-418 (Geneticin; 600 μg ml -1 ), grown on 100-mm diameter Petri dishes as monolayers in minimum essential medium supplemented with non-essential amino acids, 10% fetal bovine serum, and 2 mM glutamine, and maintained under 5% CO 2 at 37 °C. ] i exerted by the agonist alone was taken as 100%. All determinations were at least performed in triplicate. Statistical analysis of the data was performed by analysis of variance at each point using ANOVA followed by Bonferroni's test.
Conclusions
The use of Helichrysum species in ritual fumigations was already reported by Theophrastus in his Historia Plantarum, the oldest medicinal treatise of the Western civilization, 15 and is also documented in the folk medicine of South Africa. 16 Some Helichrysum species have also been used as marijuana substitutes, 17 but the identity of their mind-altering constituents is still elusive, and a confirmation of this activity in controlled studies is lacking. The sample of H. umbraculigerum we have investigated did not contain alkyl phytocannabinoids, but only phytocannabinoids of the aralkyl type, accompanied by their biogenetically related acylphloroglucinoids. Nevertheless, given the high variability of the secondary metabolism of plants from the Helichrysum species, we cannot rule out that the profligacy of these plants to couple the polyketide and the isoprenoid pathways could result in the production of narcotic phytocannabinoids, and/or, of powerful lingands of TRPV3.
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